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(54) Method of applying drug-releaaa orating* 

(57) The invention is directed to a method of apply- 
ing drug-release coatings whereby a polymer can be 
dissolved in a first sorvwfl (solvent A) to form a polymer 
system and a drug can be dissolved or suspended in a 
second cotvent (solvent 8) to form a drug system Trie 
coating or layer of coating so termed comprises a sub- 
stantaly uniform combination of the drug and polymer. 
Solvent B can be the same as or different than eotvent 
A, The ccatmg can b« apo*ed on a stent body by Mpe- 
ratefy spraying or dipping the polymer system and ne 
drug system onto the devices. The coating can be 
accomp&hod by either applying the polymer and anjg 
systems sequentially or stmuttarteousry. In certam 
enisoclmerris. a drug can be suspended m solvent 8 in 
some cues, three or more systems can be utxEzed. For 
instance, a third system containing pure sofvert A or 3 
can smooth the coating surface, if the solvent of ne 
third spraying system is compatible with the polymer 
matrix. 
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Description 

This epacatwn claims pnority to U.S. Provisional 
Appkcation Senal No, 60/033,443 tiled December 20, 

1996. 5 

Field of the Invention 

This invention relates generally to drug -releasing 
coatings tar medical devices which are inserted or to 
implanted into the body. Wore particularly, the invention 
i s directed to a method tor applytog drug -releasing coat- 
ings to medical devices in whreh a polymer is dissolved 
in a first solvent (solvent A) to term a porymer system 
and a drug is dissolved in e second solvent (solvent B) is 
to form e drug system. 



Background of the Invention 



inc 



a composrbon comprising a x 



mix of a drug and a polymer in a sotvent is applied to the 
device to form a substantially uniform layer of drug and 
potymer; i.e. a layer in which the drug is dispersed in 
EMe polymer in a substantially unrtorm manner. Depend- 
ing upon the types of porymers and drugs employed. « 
finding a common solvent tor these two constituents can 
be problematic. Where a common solvent for the drug 
and porymer is not available, attempts have been made 
to mcrorue the drug into small particles so that it can 
be suspended in the polymer solution. However, micro- x 
nzatton can oe tone consuming, and may result in a 
less of desired therapeutic properties of the drug. 
Therefore, a method of more easiy putting bom the 
drug and potymer into solution to obtain a drug releas- 
ing coating tor medical devices is needed. Also needed x 
is a method of apprying a drugfeoiymer coating without 
having to comome the drug and porymer in a common 
solution or suspension. 

SuilhHtii.Qt AM IflYCflttflfJ 46 

Tre methods disclosed herein apery generaly to 
implantable prostheses, especiaJiy expandable prosthe- 
ses sucn as balloon expandable stents and self- 
eoandmg stents. Stents coaled according to tn-s rnven- <s 
ron may be, tor instance, piasticalty detormable or sell- 
expandlng. tn certain embodiments, the methods avoid 

necessity erf rrKronizmg a crug before rt is applied to 
a stem in other ernbodiments. drug particulates can bo 
untied The present invention can also be used where m 
here is no common compatible solvent tor both the pol- 
ymer and the drug. 

Broadly, the invention relates to a method of apply- 
ing drug-release coatings containing a drug and a pory- 
mer. in which tne drug is distributed in the polymer in a ss 
substantially unrtorm manner. A polymer can be dis- 
solved in a first solvent (solvent A) to term a porymer 
system substantialy free ot biologically active materials 



(fcfl,. less than about 1% by wwgfu of the potymer) and 
a drug can be dissolved n a second sotvent (sotvent 8) 
to form a drug system substantially tree ot porymers 

(&&. less than about 1% by weighted the drug). Solvent 
B can be the same as Cfd^enttm sotvent A. Differ- 
ent sctvents Bregensraih/uBadwrm to drug has very 
low sotubibty in the porymer sototion end no common 
solvent would be found tor both tie drug art potymer. 
By applying the porymer system and drug system sepa- 
rata^ to the surface ot the medical device, the method 
forms a composite ot the porymer and druait.etSsti- 
bution of the drug throughout a network ot polymer. 
Such composite may be substEntoly hortngenous. 
The method ot the present ronton evocts the need tor 
miaontzing the drug prior to mixing rt wih t>* polymer 
to form the cornposite ot drug and potymer. Although 
the method provides e coating or • layer of a cosing 
which comprises a composite of the drug and porymer, 
it avoids the need tor mixing ihe drug and potymer in 
one sotubon before applying coaling to the device. 

A coating can be appfced on a devce. particularly « 
slant by separately spraying the potymer system and 
Ihe drug system Methods ot coating stents era dk> 
dosed in U.S. patemappicatton serial not 06/424464; 
oa/526.273: and 08/663,490. These ctocumsnbi are 
incorporated herein by reference in their entireties tor aS 
purposes. The coatings of the invention can be accom- 
plished by either sprayirtQ the polymer and drug sys- 
tams sequentially or amuttaneousty. as further 



instead of applying tie coating by spraying, tm 
coating can also be placed onto *e made* device by 

dipping. This latter method of apptyng the coating is 
especially useful tor devices which are m* conducive to 
be> ng spray coated. Such devicmndufew* 
ton the inner lumen of a stent graft. Also, the coaling 
may bo applied by using a combination of spraying and 
dipping. 

Depending upon the coating tfndtnese deeirsd. 
multi-step coatings may be applied Depending upon 
the sotvent voUrtiity. a waiting penod may be required 
during the spraying or doping process, or heal may be 
applied through a heat gun. a heat (amp or a heat cham- 
ber to facilitate the evaporation of the sober*/*). 

In certain embodiments. 4 is not necessary tar a 
drug to be dissolved n solvent a Fine particles can be 
mixed, preferably suspended, In the sotvent end tie 
coating can be applied as deserted herein In soma 
cases, three or more systems can be utibzad. For 
instance, a third spraying or dipping system oontaring 
pure solvent A or B can smooth the coating surface; * 
the sotvent of the third system is cwiJtJM e eaffi the 
polymer matrix, or a third spraying or dtpptng system 
oontaming a second efutabie agent such as a drug. Pol- 
yethylene glycol, sugar, salt in sotvent (which can be 
same or different than solvents A and B), can beappfed 
to the stent. The resutbng drug retease profs*, where 
two or more drugs are appied. can result in todMerent 
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drugs being released sirriittaneously or sequentially' 

A suitable sequence according to this invention 
could be one application of a porymar solution, one 
application of a drug solution and ona application of 
pure sorvtnt Attematnwrr. the sequence could be one 
application by spraying or dipping of polymer solution, 
one application oi solvent and one application of a drug 
solution or suspension. Artomativery, the sequence 
ccuid be three parallel sprayng syctome Thenumberof 
cydes tn each ooeration could be had, ore, two or more. 
It is appreciated that those skrled in the art will find 
numerous coma rations of coating orders and 
sequences for dual or multiple coating systems without 
dcpartng from the inventive concept. The coating sys- 
tem can be hand-operated or automated to achieve on- 
( er ent cofflbmabons. 

Brief Description of the Drawings 

FIGURE 1 is a photograph showing the results of 
the Comparative Example: 
FIGURE 2 is a photograph showing the results of 
Example 1; 

figure 3 is a photograph showing the results ot 
Example 2; 

FIGURES 4 and S ore scanning electron micro- 
scope photographs showing the results of the Com- 
parative Example in on unstressed state and a 



FIGURES 6 and 7 are scanning electron micro- 
scope pho t o gr aph s showing the results of Example 

1 in an unstressed state and a post-stressed stale, 
respectively; 

FIGURES 8 and 9 are scanning electron micro- 
scope photographs showing the resufts of Example 

2 in an unstressed state and a post-stressed state, 



FIGURE 10 shows a stent prior to coating; 
FIGURES 11 and 12 sequentially illustrate an 
embodnient of the present iwention; 
FIGURES 13 and 14 soquantiaJly illustrate an altar- 
native embedment of the present invention; 
FIGURE IS gjaphicaly compares eMion rates for 
the Comparative Example. Example 1 and Example 
2, and 

FIGURE 16 is a graphical comparison of the eiution 
rates of Examples 4a, 4b, 5 and 6. 

petairrt Description of itw tmflmtoo. 

Polymers suitable for the present invention wil pref- 
erably be hydropnobic biostable elastomeric materials 
which do not degrade and which minimize tissue rejec- 
tion. Furthermore, the materials are preferably ones 
which will undergo encapsulation by tissue adjacent to 
the stent implantation site. Pofymers suitable for such 
coatings include silicones (e.g., porysitoxartes and sub- 
stituted potysibxanes), pofyurethanes (including poly- 



carbonate urethanes). thermoplastic elastomers n 
general, ethylene vinyl acetate copolymers, potyolefn 
elastomers. EPDM rubbers end colyamtfa elastomers. 
The obove-f eferenced materials are considered hydro- 
phobic with respect to the contemplated environment of 
the invention, 

Norvtiniling example* of other polymers which are 
suitable for use in the present invention include bioab- 
Gorbabte polymers such as potyiactic acid, porygfycobc 
acid, pdycaproiactone, potyiactic acid • polyethylene 
oxide copolymers, cetutose, and the like. Other non-lim- 
iting, examples of pofymers that are suitable tor use in 
the present invention also include biostable plastic 
materials such as acrylic polymers and its derivatives, 

'5 nylon, end polyesters. 

Non-limiting examples of drugs suitable tor use in 
the present invention include amithrobotics, anticoagu- 
lants, antiplatelet eg ems, throntxrybes, antiprolifera- 
tive*. anti-inJlarnrnatonet, agents that infibit 

so hyperplasia and n particular restenosis, smooth muscle 
cell inhibitor*, antixotas. growth factors, growth factor 
inhibitors, call adhesion inhibitors, cell adhesion pro- 
moters and drugs thai may enhance the formation of 
healthy roorntimai tissue, including endothelial cell 

25 regeneraton. Thg positive action may com* from inrxb- 
iting particular cells {e.g., smooth muscle cells) or tis- 
sue formation {e.g.. ifromuscUar tissue) while 
encouraging different cell mrcratxxi {e.g., endothelium) 
and tissue formation (naoinrjrnaJ tissue). 

jo The drug used in the invention may or may not be 
micronized. When the drug is not micronized, the parti- 
cle size of the drug can be greater than about lOum. 
When the drug is micronized, the drug particle size is 
preterabfy M2 um and more preferably about 5 prrt 

» The devices sulfide tor the invention include wrth- 
out irritation a variety of merJcaJ devices such as cath- 
eters, shunts, stents {e.g. self expandable or balloon 
expandable vascular or non-vascular stents), heart 
valves, grafts, and arrJictal organs or prostheses. The 

«> devices may have polymeric, metallic or ceramic sur- 
faces. 

The preferred materials tor fabricating stents, par- 
ticularly braided stents, such as that shown in FIGURE 
10, include metals such as stainless steel, tantalum. 

<5 titanium alloys induing mtinoJ (a nickel titanium, ther- 
mrjmemoried alloy material). OFT materials sucn as 
shown in U S. 5,630,840 and certain cobalt alloys 
inducing ccrjalt-cnrcrrium-niekei alloys such as 
Elgicy* and Pbynox® Bkiabeorbabte materials may 

» also be used to term me stent structure, such as pory- 
lactic add. Further details concerning the fabrication 
and detals of other aspects of the stents themsefvos 
are found in U S. Patent Not. 4.655.771 and 4,954,126 
to Watsten and 5,061 ,275 to Watlsten et at. which are 

55 incorporated herein by reference in their entireties. 

Sd vents wh»cn can be used n the present invention 
will preferably be cornpatibte with the pofymer or drug 
with which they are mixed. For instance, the pofymer will 
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prderabfy be fully dissolvable in the solvent with which 
it is mixed, and the drug wia preferably be fully dissolva- 
ble in the sorvent with when it is mxed. However, it is 
CMitemplated that certain •mbodrntnta of the present 
invention wil indude particulate drugs, such as heparin, 
mixed in solvent. Where drugs are in paniculate form, 
the drug will preferably be suspended in the solvent 
NorHtrtiting examples of ootvama that can be used 
according to this invention include tetrahydrofuran, 
methanol, methyl ethyl ketone. chforatorm, methylene 
chloride, acetonrtrila, and water. 

Trie following examples describe entoodimerrts of 
the invention in which the coatings ware applied to the 
medical devices by spray coating (Comparative Exam- 
ple and Examples 1-3) or by dp coating (Examples 4- 
6). 

Comparative Example 

A sJicone-xylene mixture (-34% sold weight from 
Appiod Slicone Corporate*! > was weighed, and the 
sold silicone content was calculated. A ratio of 
w <*;/W«*con» mm » 0.1 was used in the preparation. 
Here 'dex* or "DEX" reters to dexamethasone (Upjohn, 
Dexamethasone USP. CAS * 50O2-2). The volume 
amount of tetrahydrofuran (TVtF) (HPLC grade, Aldrich 
or EM Science) used was determined by muRpication 
of 20 with the weight of the sotd silicone. DEX was first 
dissolved in THF and then tansferred to a siicone- 
xylene mixture. A crosdinkar agent was added and the 
solution was mixed well. A braided stent was coated by 
spraying multiple cycles of the homogeneous solution 
so prepared on the stent r an ejrpanded state. The 
coaiad start wits then mov«3 to a convection even and 
cured at 150*C tor 45 minutes. H was then treated with 
argon gas plasma according to the procedure described 
in co-pending application Serial No 0^841, 747. The 
results are shown In FIGURES 1, 4 and 5. FIGURES 1 
and 4 ore photographs of the coating in an unstressed 
state. Le., before the stent was expanded or cor«racted. 
FIGURE 5 is a photograph of the coating after the 
coated stent was mechanxaiy stressed, i.e.. following 
contraction and expansion of the stent. 

A 5% (wnv)solution of slicone solid in THF was pre- 
pared by adding the required THF and cross! inker agent 
into the silicone mixture A separate 0.5% (wrw) solution 
of DEX in THF was prepared by adding THF into a 
beaker containing DEX. The ratio of W,,,^,^ ^ 
was 0.1. A badger 150-4 spray system was used with 
two reservoirs filled with two different sctotiona. The 
coating of the stent in an expanded state was accom- 
plished by spraying one cyde ot silicone solution, wait- 
ing tor a short period of time (about 30 seconds), and 
spraying one cyde of DEX solution, waiting tor a short 
period of time (about 30 seconds), and then repeating 



the spraying sequence. The very last spray cyde was 
silicone solution. For a coating thickness of 30 micron, 
about 30 cydes each were applied. The number of 
spray cydes used depended on the sotobon vtetoarty. 
the droplet size end the how rata The coated stent was 
than moved to a convection oven and cured at 1 5D*Ctor 
45 minutes, ft was than argon gaa plasma treated. The 
results are shown to FIGURES Z 6. and 7. FIGURES 2 
and 6 are rjrwtogniphs of the coating in a unstressed 
stata FIGURE 7 Is a e^otograph ot the coating after the 
coatBd stem was mechanically stressed. 

Example 3 

The process used to prepare Ihts example was sim- 
ilar to the process utiized in Example 1 except thai DEX 
was Dissolved in methanol, which ts a poor solvent for 
silicone. Tha ratio of W (taa /W UkMM ^ was maintained 
at 0.1 in the preparation. The results are shown in FIG- 
URES 3. a and 9. FIGURES 3 and 8 ere photographs 
of the coating m a unstressed stata FIGURE S is a pho- 
tograph of the coating after the coated slant was 
mechanically stressed, Le, expanded and contracted. 



The coated stents prepared in the Corrparaiva 
Example, Example 1 and Example 2 were cut into 2 cm 
segments and put into 100 mJ ot poryethytene glycol 
(MW-400. AJdrich) and water mixture (40/50, v/v). The 
5otubon was changed frequently when sampling the 
sdutwaTrw DEX eve nt ra ti on w^ 
a Shimadxu high perfor ma n ce liquid ch p ma to gi aphy 
instrument operated with a UV detector at the wave- 
length of 2M nm. A C-8 oofumn was used in the analy- 
sis. Table 1 and FIGURE 15 show the DEX releasadata 
over one month for the coated stents. AD three prepara- 
tions In the Conparatrve Example, Example 1 and 
Example 2 prolonged the drug release and had similar 
release profiles. 



Release Rate Data 0$/cnrVhr) 


Time (days) 


Comp. Ex. 


Ex.1 


Ex.2 


0.08 


6.25 


27.46 


14.88 


1.73 


0.66 


3.32 


0.83 


3.77 


0.38 


1.08 


0.36 


4.7S 


0.38 


0.91 


0.33 


11.81 


0.24 


0.44 


0.21 


14.08 


0.24 


0.34 


0.22 


16.94 


0.23 


0.27 


0.20 


19.08 


0,22 


0.28 


022 



3 



4 
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Table Mi 



Reteas 


■ Rate Data (MOTcm* Air) 


Time (days) 


Coma El 


Ex. 1 | Ex. 2 


21 06 


0 21 


0/3 j 0.18 


26.09 


0 IS 


Q/.7 j 0.14 


22.00 


0 11 


0/0 


0.12 


32.06 


017 


0/5 


0.15 



An e*rtjccment ot tha present tvenfton involving 
spray coaang e sequentially tlusmmo n Figures 11 
and 12. T>te drug-release coating apparatus 2 has a 
stent rotatng el ■mart 4 and a spaying elemen t 6. 

A stent 8 is moulted on me stent renting dement 4 
by clamprg rt at both ends ts stDpartng rod elements 
24*. 24", which ere typcairy alligator aamos. Preferably, 
stent 8 wA be damped in a position wrtch is at least 
partiaty expanded or fully expended such thai its inte- 
rior reman «mpty aftowrig spray coattng to adhere to 
both the sjdartor and the irttrior surface of stent & Rod 
elements 24'. 24" do not traverse the canoe of stent 6. 
Motor 10 -otatee the rod elements 24*, 24" thereby 
rotating start! 8. Supporung rod 12 txports tha stent 



Sprsyrig element 6 has a itructuar support 14 on 
which s first soray canister 16 and a s«cond spray can- 
ister 18 are mounted. First spray canraar 16 is ftukJry 
connect ad to first soray dispenser 20 and second spray 
canister 18 s tiidly connected to second spray dis- 
penser 22. Gas super/ means 26. 28 art connected to 
the spraying devices to provide gaseous means to pro- 
pel tha porymer and drug solutions. 

The first and second soray cancers 16. 18 can be 
mounted on structural support 14 on a rack (not shown) 
to enaPe tongduoinal movement back and farth. In a 
simplified case, a hand can act as a sjcoort 14. In this 
errticdrnem. canisters 16, 18 are foeo at a predeter- 
mined dstance from one another, so matt they move to 
and from eotidis&nt from one anomsr. The holow 
arrow mf CURE 11 stow canisters 16 iBpnortoleft- 
ward movement Spray will begin orca spray disports- 
ers 20. 22 oooose the stent 8. The solid arrow in 
FIGURE 12 shows canisters 16. 18 beginning their 
course bacx to the ngrtt, agar begvwwng to spray once 
dispensers 20. 22 oppose the stent This sequence can 
be repeated mumpte times, as cesirea. 

In 9% errcodtment, 'rst spray canster 16 cart hold 
polymer n solvent and be tree of crag, while second 
spray canstar 18 can hold drug in sowent and be free of 
polymer, or wee versa. 

FIGURES 13 and 14 sequential? 'kjsirate a differ- 
ent ernboornent ot the present rvertxy. The reference 
numera* h irts ernbodmient have tra same meaning 
as those h the orevOus ernbodimeni shown in FIG- 
URES 11 and 12. 

The first and second spray canisars 16. 18 can be 



mounted on structural support 14 on two tracks (not 
shown) to enable longitudinal movement back and forth. 
In th* embodiment, canisters 16. 18 can move to and 
from independent from one anomer. In FIGURE 1 3. the 
solid enow shows the first earvster 16 moving to tha left 
and spraying the stem, while the holow arrow indottee 
second canister IS in a statonary oosrtion with the 
potential to move to tha left. First canister 1 t> continues 
to the left and then stops beyond the stent and assumes 
a stationary position (not shown) Then, as shown In 
FK3URE 14. the second canister 18 moves to me left to 
spray the stent and then rests to the left of the stent. 
Thereafter, the first canister 16 can move to me nght. 
later followed by the second certaer 18, and the proc- 
ess cen be repealed as desired. 

Other processes accon»rtg to this invention can 
include the first canister 16 going to and from wrnie the 
second canister 16 is at rest beyond toe stent toaawed 
by the second canister going to and from while the first 
canister 16 is at rest beyond the stent. Other non-hmit- 
ing variations include having canisters 16 and 18 move 
simultaneously but spaced apart from one another, or 
having canisters 18 and 18 criss-cross while spraying. 

in addition to spray coating, the coatings ot this 
invention can be applied by dipping ma moccaJ device 
in I) a polymer dissolved n a trsl solver* and 2) a drug 
dissolved in a second solvent. The device can be 
repeatedly dipped into the polymer solution and drug 
solution until a coating ot the desired thickness is 
achieved. In general, the polymer wil shrink and swell, 
and me drug mil recrvstaltize or redistribute in me sub- 
sequent dipping steps depending upon the relative solv- 
ability of the solvents to the pofymer and drug, in order 
to ensure imrtormrtyofthe coating on the device, certain 
steps can be taken. These steps include, witnout tmrta- 
tion: choosing a solvent with a low viscosity index, 
choosing a pofymer above its entangiemem molecular 
weight such that the inner polymer layers) wii swell but 
w* not be easily dissolved, blow drying me coating after 
each dipping, horizontally coating the device, rotating 
me device during drying and using shod coating times. 

The following examples ilkistrate embodiments of 
the invention which were prepared oy dipping. 



1 S grams of a silicone dispersion from Applied Sili- 
cone Corp. (#40000). containing 35* soiids. was 
weighed. 0 52 grams of dexamethasone (OEX) 
(Upjohn, Lot #719kT) was OBSorvea m 15 mL ot tetrahy- 
drofuran (THF). The drug sotubon was added to the el- 
cone dsperskxi and stirred unbl a homogeneous 
solution was formed. 

A stent graft (Example 4a) was duped nto me solu- 
tion and air dried in its horizontal position. The coating 
weignt for this sample was 10.8 mo/cm* Due to gravity, 
me coating became uneven. To obtain a more unitorm 
coating, a second stent graft (Example *b), after being 
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dipped into me solution, was rotated honzontaly as it air 
dried. The coating weight tor mis sample was 13.5 
mg/cm 2 . After sitting at room temperature tor about 1.S 
hours, me coated samples were oven cured at 1S0*C 
for 1 hour. 

The gratis were cut into 2 cm paces and their 
release rates were studied by immersing me pieces n a 
25/75 v/v aqueous solution of polyethylene glycol (PEG) 
(MW.4O0 from J T. Raker). The solutions were penodl- 
caly sampled and replaced with fresh solution. The 
amount of DEX released was quantified by a Shimedzu 
High Performance Liquid Crvomatography (HPLC), 
using a C8 column (Phase Separation Ltd) with a 
mobile phased acctonitn(G/H,0(t:1 v/v), allow rate of 
1 mt/mtn and a UV detector at a wavelength of 254 nm. 
The release rates for these two samples are presented 
in Table 2. The dam shows that the coated samples can 
provide prolonged drug release (see FIGURE 16). 



studied accorctng to the procedure used in Examples 
4a and 4b. The release rate tor Example 0 is presented 
in Table 2 and FIGURE 1& The data shows that tha 
coated samples can provide pntonged drug release. 



Rete 


aee Rate 


Data (j$/cm J mo 




Time (days) 


Ex. 4a 


Ex. 4b 


Ex.5 


Ex.6 


00 


75.26 


61.51 


23.66 


6396 


08 


14.54 


1680 


668 


2214 


3.1 


5.75 


6.55 


3.71 


4,76 


58 


3.46 


3.97 


2.31 


2.19 


8.1 


2.02 


2.65 


1.61 


1.27 


10.1 


1.64 


2.22 


1.27 


0,85 


12.9 


1.48 


2.02 


1.34 


1.41 


16.1 


1.48 


1.94 


125 


1.59 


198 


1.30 


1 81 


1.12 


0.71 


22 6 


1.05 


1.45 


0.96 


057 


27.8 


0.89 


1.29 


083 


0.46 


30.8 


0.B1 


1.16 


0.72 


047 


37.9 


0.70 


1.05 


0.65 


0,33 



Example S 



The silicone dispanabn of Example 5 was prepared. 
Also prepared was a tOX solution of DEX in methanol 

'0 (MoOH), which s a poor sofverrt for siScone end hence 
incompatible to silicone. A stent graft was coated 
according to the method used to prepared Example & 
This sample was cut into 2 cm pieces and toe release 
rata was studied according to the procedure used in 

« Examples 4a and 4b. The release rate tor Example 6 « 
presented in Table 2. The data shows that the coated 
samples can provide prolonged drug release although 
mis sample axherted a faster initial drug elution rate 
man Examples 4a. 4b and 5 (set FIGURE 16). 

» The descnption contained herein is for purposes of 
illustration and not for purposes of li m i ta tion. Changes 
and modifications may be made to me embodiments of 
me descnption and stl be watan the scope ofthainveiv 
t»n. Furthermore, obvious changes, modifications or 

25 vanat)c<ts will ccoir to those stofled in the art. 

Claim* 



A method ot making a medical device having at 
least a portion for insertion or impl antati on into the 
body ot a patient vnaren the portkmrw a surface 
which is adapted far •ensure to body tissue of me 
patent and wherein et least e pert of me surface * 
covered with a coating, to release at least one bio- 
logically active material therefrom, the method 
comprising: 

a) applying a polymer system substantially free 
of a btorogtcaty active malarial cornprsrxj a 
polymer and a first solvent to the surface, and 

b) applying a drug system subEtantaty free of 
a polymer comprising a biotogicafff active 
materia) and a second solvent to the surface; 
wherein said method forms a composite of me 
polymer and tr»bictogicaty active material 



2. The method of dafm 1 wherein the c ompo site is 

substantially hi 



A silicone dispersion containing 4% slicone in THF 
was prepared. Also prepared was a 10% solution of 
OEX in THF, A stem graft was dpped into the silicone 
solution tr« and dned while being rotated tor at least 1 w 3. T^e method etdaiml where* steps (a) art ^ 
minute. The stent was men dipped into the OEX/THF 
solution and rotated for at least 1 minute to dry the stent. 
This sequence of dipping and drying was repeated for 
about 20 times. The last dip was in me slicone solution. 
After sitting at room temperature for about 1.5 hours, the 
coated samples were oven cured at 150*C for 1 hour. 

Like me stents in Example 4a and 4b, trus sample 
was also cut into 2 cm pieces and toe release rata was 



The method of ctatm 1 wherein the medical device 

is a stent. 



The method of claim i wherein the stent is a set- 
expanding stent 



5 



6 



6. The method otctfljrn 1 wherein the tmstfvem and 
second solvent are the same, 
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t>:e ot a medrcai device 8 with a coating sari 
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7. The method ot ctam 1 wnerem the first solvent and 
second solvent are orflenjni. s 

8. The method ot dam 1 wherein the polymer <• a 
riydrophobic biostaete etastomer. 

9. Thfl nwrhnd of dam 1 wherein the elastomer is 
selected from the group consisting ot silicones, 
pctyur ethanes, thermoplastic elastomers, ethylene 
vinyl acetate coccrymers, potyolefin elastomers, 
EPDM rubbers and rjoiyamide elastomers. 



10. The method of dam i wherein the biotoojicalty 
active material a selected from the group consist- 
ing of antithrotxncs, anticoagulants, antiplatelet 
agents, throntoorybcs, antiproiiterttr/es, anti -inflam- 
matories, agents rat inhtbrt hyperplasia smooth so 21. The apparatus 2 of dam 20 wheretn gas supply 



a) a mounting element 4 comprising at least 
one support element 24 tor mounting the 
device 8 to the apparatus 2: and 

b) a spray element 6 aligned with said mount- 
ing element 4 n a manner which allows the sur- 
face of the device 8 to be sprayed, said spray 
dament 6 comprising 

i) a structural support 14 and 
n) first and second spray canisters 16. 1S 
movabry mounted on sad structural sup- 
port 14, wherein said tret canrster 18 is tiu- 
klly connected to a first spray dispenser 20 
and said second canister 18 is tluidy con- 
nected to a second spray dispenser 22 



muscle cell mhtxtors, antbobes, c/owth factors, 
growth factor inhtxm. cet adhesion inhibitors, cell 
adhesion promoters and drugs that may enhance 



1 1 . The method of deirrt 1 wherein the polymer system 
or drug system o aooiied by spray coating. 

12, The method of etaim y wherein the oorymer system 
a drug system is apolied by doping. 

11 The method of dam t wherart the poiymer system 
end the drug system are applied simultaneously to 
tie surface. 

14. The method of daim i wherein the polymer system 
and the drug system are applied sequentially to the 

surface. 

1 5. The method ot ctaim 1 which further cotrcrises par- « 
tally evaporstng r» first ecrvent prior to applying 

tie drug system. 

16. The method ot dam i wherein the biologically 
active material is ctssorved in the second solvent. 45 

17. The method of dam 1 wherein the biologically 
active material is suspended in the second solvent 

18. The method of com 1 when further comprises so 
applying a sotvent system to the surface. 

19. The method of e&m t which further comprises 
acptying a second drug system substantially free ot 

a porymar cornon sr g a second biotopjcalry active m 
material to the surface. 

20. An apparatus 2 tor covering at least part of a sur- 



means 26, 28 are connected to said first and see- 
:nd spray dispensers 20, 22. 

22. The apparatus 2 ot dam 20 wherein said first and 
second canisters 16, 18 are died at a predeter* 
rrw>ed distance from each other. 

IX The apparatus 2 of daim 20 wherein said first and 
second canst am 1 6, 18 are capable of rrovement 
ndependentof each other. 

24 The apparatus 2 of cairn 20 wherein said first and 
second canisters 16, 1 8 are movabry mounted on 
said structural support 14 in a manner which per- 
mits said canisters 16. 18 to move past one 
aTOther. 

2S. The apparatus 2 ot claim 20 which further cortv 
sreaa a motor 10 tor rotating said support element 




FIG.1 




FIG.3 
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